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Abstract 
This study aims to present the performance of solar container cold storage of perishable goods and food supplied by 
photovoltaic systems. This system has been tested in Algeria, in two different climate types: Mild – along the Mediterranean 
coast (Bou ismail - Tipaza) and arid - in the Sahara desert (In Guezzam – Tammanrasset). The data gathered enabled our 
team to evaluate pertinent system components and optimize the equipment to specific environments and load requirements. 
This type of system is suitable for areas lacking electricity supply. Storage capacities are calculated for three consecutive 
days without a remarquabre rate of solar radiation. 
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1. INTRODUCTION 
 
With the rapid development of the world economy, the consumption of the fossil fuel has reached peaks in 
recent years, which gradually leads to price increases in the fossil fuel and decreases in the total stockpile of the 
fossil fuel because it is not renewable. In spite of the rapid development of the global economy, many people in 
remote and rural areas in the developing countries are unable to access electricity from the grid. Moreover, 
health services and living condition are very poor in these areas in part due to the lack of cold storage for drugs 
and essential vaccines which are needed to be stored in low temperature compartments. It seems difficult to use 
the normal measures to produce low temperature for the shortage of the suitable power sources in those areas. 
With the continuous progress in photovoltaic (PV) cell research, costs have been gradually reduced. Solar PV 
power has been used for lighting in many countries. There are over 3 million homes in the world which are 
equipped with simple PV lighting systems: typically with a 50 W PV panel and an energy storage device—
typically a flooded lead-acid battery. [1] However, the demand for the storage of perishable food and essential 
drugs and vaccines for these families is also gradually increasing in order to improve the quality of life. 
Furthermore, recent efforts on the development of “zero-energy” building brings forward the desire for the 
independent electrical appliances; meanwhile, in many tourism resorts, for example, in the beaches along the 
California coast, the service of cold beverages cooled by a PV refrigerator is obviously attractive, which 
overcomes the expense of extending the electric grid network.  
The production of low temperature for refrigeration by solar energy using vapor compression refrigerator 
powered by the PV panel holds the advantage of a large low temperature cabinet and a continuous cooling power 
supply. Two routines for constructing the PV-powered containers are as follows: (1) the container is indirectly 
powered by the PV panel and (2) the container is directly powered by the PV panel. The main components of the 
system in the former case include the PV panel, battery bank, inverter, and container; while in the latter case an 
inverter is unnecessary since a Dc compressor is used in the refrigerator system. 
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Kattakayam and Srinivasan [2, 3] investigated the performance of the domestic refrigerator coupled by the 
inverters to the battery bank and PV panel. Emphasis was put on the power supply system and thermal 
performance characteristics of the refrigerator. Toure and Fassinou [4] investigated the performance of a three-
compartment PV-powered refrigerator, mainly focusing on the cold storage and autonomous performance of the 
system. Kaplanis and Papanastasiou [5] reported a study of the modification of a conventional refrigerator to a 
PV-powered one, and the performance tests were carried out either via the battery or directly via the PV panel. 
Blas et al. [6] reported the construction of a refrigeration system for the storage of milk powered by PV panels, 
which was equipped with two separate compressors driven by dc motors. The batteries in the system were used 
only for the control unit and not for the powering, and the autonomy of the system was achieved by the cold 
storage of the ice and cold water produced by the PV energy throughout the daytime. Nagaraju et al. [7-12] 
studied the performance of a PV-powered cold store plant and it was demonstrated that the system can be cooled 
down to 2 °C with a maximum heat load of 2350 W. 
Many societies in the word constructed solar container powered by only a PV panel or with wind and tested in 
many countries over the word.  The normal operation of the PV-powered container system is actually highly 
dependent on the climatic conditions; however, no information about this has been addressed in the former 
research. In the present investigation, a container of 1.5 m3  (1.210× 1.055 × 1.255 mm) powered by the PV 
panel is modified locally fabricated. In order to have the test of the refrigerator, an experimental setup was built 
up and the field tests were carried out. The analysis of the applicability of the PV powered container to different 
regions with typical climatic characteristics is also conducted and discussed.  
 
2. EXPERIMENTAL SETUP AND MEASUREMENT TECHNIQUE 
 
Schematic of the PV-container system is presented in Figure 1. It is composed of four parts; i) the cooling unit 
(container), ii) the energy production unit ( PV panels), iii) the energy control unit, and iv) the energy storage 
unit (the Solar lead acid battery bank: battery: 550Ah Solar OPzS C120-2V). PV-container system works with an 
input voltage of 220 V and alternative current (AC). R134a refrigerant was used in the container. Energy demand 
of PV-container system was provided by two units photovoltaic panels (DC 24V-150W) each one has seven 
panels connected in parallel (2S×7P). Photovoltaic panels were selected by polycrystalline type due to high 
efficiency. Panel specifications for standard test conditions are given in Table 1 (Photovoltaic module 
catalogue). Panel standard test conditions are: Irradiance of 1000 W/m2, air mass of 1.5 (AM) and module 
temperature of 25°C. 
Solar control unit regulates the DC output of the PV panel, and supplies energy to the battery bank. It prevents 
battery over-charge and full discharge. Battery bank consists of two units 550 Ah -24 V dry-type batteries 
connected in parallel.  
 
Fig.1 Schematic of the PV-container system, 
The power of the compressor is 380 Watt; it means a consumption of about 4460 Wh/Day. The evaporator used 
in our case is GC4040/16 type; it is regulated to keep the temperature inside the container between 3 and 9. The 
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inverter is a TOP CLASS 22/24; it converts the DC 24V to AC 230V-and provides a perfect sinusoidal current 
with a capacity of 2kVA. The controller TriStar TS-45 Morningstar is designed to regulate the load; it 
incorporates three functions to charge the batteries with high reliability, to regulate the load or the bypass, it 
operates according to a choice of three modes of operation. 
The figure shows some pictures of container during realization 
      
Fig. 2 Different manufacturing steps of the container. 
3. RESULTS AND DISCUSSION 
 
In this study, experimental study for operation state of the container under different load and without load was 
performed in 2011 to determine the daily and long-term behaviors of the PV-container systems during some 
typical days in summer and winter and in two different climate types: Mild – along the Mediterranean coast (Bou 
ismail - Tipaza) and arid - in the Sahara desert (In Guezzam – Tammanrasset).. In all the experiments, the inside 
temperature of refrigerator was set between 4 and 8 °C. Some results obtained during experimental 
measurements are presented subsequently. The Following figure shows the daily variation of the global radiation 
under the climate of Bou Ismail measured by a pyranometer type CIMEL 5.31 V/ W/m and were obtained with 
a tilted orientation 36 degrees south.  
18
:0
0
22
:0
0
02
:0
0
06
:0
0
10
:0
0
14
:0
0
18
:0
0
22
:0
0
02
:0
0
06
:0
0
10
:0
0
14
:0
0
18
:0
0
22
:0
0
02
:0
0
0
200
400
600
800
1000
1200
G
lo
ba
l r
ad
ia
tio
n 
on
 ti
lte
d 
su
rfa
ce
 (W
/m
2 )
Time, March 16-17th, 2011
Fig. 3 Daily variation of the global radiation 
 M. Laidi et al. /  Energy Procedia  18 ( 2012 )  1452 – 1457 1455
  0
0:
00
:0
0
  0
0:
01
:0
0
  0
0:
02
:0
0
  0
0:
03
:0
0
  0
0:
04
:0
0
  0
0:
05
:0
0
  0
0:
06
:0
0
  0
0:
06
:0
0
  0
0:
07
:0
0
  0
0:
08
:0
0
  0
0:
09
:0
0
  0
0:
10
:0
0
  0
0:
11
:0
0
  0
0:
12
:0
0
  0
0:
13
:0
0
  0
0:
14
:0
0
  0
0:
14
:0
0
0
2
4
6
8
10
12
14
16
18
20
22
C
ur
re
nt
, (
A
m
ps
)
Time, 26/04/2011
 Running current of the system
 Recievd current by the batteries
 Recived current by the field N°1 (7 panels)
 Recived current by the field N°2 (7 panels)
Fig. 4 Nocturnal variation of the current 
When there is no sunlight, the system is powered from batteries. The container works with an average current 
equal to 4 Ampere but the current aspired by the Battery Park equal to 18.5 amps. The latter is used to power the 
two regulators, the inverter and the container. In the opposite case or container is stopped, the battery delivers a 
low current of 0.7 amps to power the LEDs and the array of temperature control in the container. 
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When it is sunny, the current delivered by the two fields is sufficient to supply the container and also stored in 
the batteries. The temperature inside the chamber ranges from 4-8 ° C, opening the door causes the increase of 
the temperature in the room. 
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This figure shows the smooth functioning of the compressor.  
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4. CONCLUSION 
 
In this study, a PV-powered container system has been established to investigate experimentally its daily and 
seasonal operating performance. The PV-container system is independent of the local electricity network. 
Operation of this system under Algeria climatic conditions is continuously observed. During the daily operation 
of the container system, the parameters affecting the system capacity and performance were determined 
experimentally. The following findings were obtained from experimental study: 
1. Positive temperature can be maintained in the container 4 -8°C while average indoor and outdoor temperature. 
2. During the daily period, the highest energy amount produced by PV panels is recorded between 11:00 and 
14:00. 
3. Under Algeria local conditions for a typical hot day in May2011, energy consumption amount of refrigerator 
was determined to be 4464 Wh/day.  
4. Energy balance of the refrigerator and PV system has been provided. The operating costs of this system were 
reduced due to operating lower power. 
5. The energy required for refrigerator is provided by photovoltaic power, clean energy source. There is no 
negative impact of the electrical energy generation by PV panel on the environment. 
It can be seen from results of this study that, the use of PV-refrigerator system is suitable for applications in 
different sector fields, required the low and medium cooling capacity. Such small-scale stand-alone system can 
suitably be used in many rural regions where electricity is unreliable or non-existent but refrigeration is 
continuously critical. 
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